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^Sal types o f effector cells have --ce 
receptors that bind the Fc portion of immunoglobulin 

5 (Iog). When such cells (monocytes, granulocytes, 
cells, etc., encounter target cells that have been 
opsonic with I* antibodies, they form conjugates 
with the target cells. Subsequently, the effector 
cells either lyse or phagocytose the target cells, 

10 depending upon the effector cell type, the target 
cell type and the specific Fc receptor type in- 

volved. /t?«o\ 
Two distinct classes of IgG Fc receptors (FcR) 

have been identified on human monocytes and on the 

15 human monocytic cell line U937. Looney R.J., St 

al. f (1986) ^_Immunol. 136:1641-1647. One is a 

TlkDa sialoglycoprotein ( P 72) with high * ff1 ^ 

(K a=10 8 -10 9 M-l) for monomeric human IgGl and IgG3 
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• • "chriasses IgG2a and lgG3 . 
and to, murme subclasses js.us-IM. 

Alexander, K.D., El-' ,1980) gj_ISB!iS2i- 

Anderson, C.L. and Abraham, G.«. ( ^j^. 
U5.273S-W41, L-ubecK, M.D. S£S^ ' — 
— .. 1299 -1304. xne otner recepto, » 
^ecule (p*0) *idh sho„s i^"^, Jones , 
£o r monomeric I^- Looney, s£ ^- ■ pw 

. .i fL9S5) -t tmmunol . 135-"° 
D.H., et al. (1-385) bot h to form 

has been defined by if narine IgG1 

0 rosettes wit* «»« ttoe » t ". COa ^ 2 r.t ionic 
and to bind aggregated a ntibody (1B) 

strength. In addition ra oeptor 
has been prepared which b,nds « ^ 
ind inhibits ligand bindmg. oniy on 

This receptor xs -present 

1S al. , » "es but on human platelets, 

- t^s * — — — 

m itogenesis by distinct anti _ T3 - ind uced 

Tovna vrR mediates murine IgG2a anci 
The 72kDa FcR medx med iates murine 

stimulation whereas the 40kDa F 

IgG1 anti- T 3-induced T ^ ^^^^ &£f „- 
„ ptal supra. Based upon their distm 

f tl S" iodine «G subclasses, P 7 2 and p*. are 
noU to be the human eclogues of mur.n -cro 

phage FcKI and rcBlI -P«=«i« '« ™ ^'J* 

.vaiv Although not present on 
rg^b/X, respect class o£ IgG r=Ks 

30 monocytes or U937 cells, 
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has been described on hu.an neutrophils and nu» 

"""it has been demonstrated that target «U 

a ivsis can also be induced by co- 
^Tro-T-S heteroantibody «P <* 

valently cro antibody directed 

antl " F : TZZ 11 epitope -n effector cells 
against a targe receptor, 

bina S uc h ^z, ^ ^ 

tney can specifically M th . 

0 „hich have not been opsonl zad_ b 

appropriate target antigen sag! ^ ^ 
recently reported ^°^7 eteroantibo dy which 

;^::p nr- ..n^ e on on e e nd 

]° ins the FC r \ rtn the other end. The 

, „ it h tu„or ^ J ^conventional 

targeting of effector ^ only 

.eteroantibodies how s^ s y ^ ^ of 

is:: r " - — - ^ io - 

20 logical concentrations of igG. . 

DiscJ^surj^^ / 

nertains to monoclonal anti 

This invention pertain* 

^•ific for the human high a£ 
bodies which are ^- lf c ^or ^ ^ 

finity - -ceptor fo r 1,= , ^ blQckad 

" " hi r T gc The an ibodies bind 

by ■ ™* region and lnd epen- 

through their hmnan recep tor for the 

dent of their c portion ^ ^ ^ ^ on 

Fc portion of IgG. 
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10 



15 



20 



t„ a Fc receptor distinct from the binding site for 
the Fc recept (11 „ and) and the antibodies are 

the Fc region of IgG (ligana, „ ceDtor . 

capable of binding a ^-°^J27 S invention 
T he anti-Fc receptor ant f dy o ^ ^ 

can be made by ^ a1 ™* L obtained for 

nigues. FC receptor protein =a b 

ionization by P"^^^ expre3Ses Fc 
F c receptor fro,, ce .line ^ 
receptor (e.g. th .0937^ , ^ ^ ^ 

Une that expresses Fc recep ^ ^ ^ 

cells can be pretreated in cultur 

i-h. vield of FC receptor protein. Fc 
enhance the yield o . affinity purifi- 

r eceptor protein « ^ ls 

M1 th the P""*» Rested fro- the animal and 
producing cells arhar- inBOrta lizing 
fused with a myeloma ceil 

cell to produce hybridomas. The hybridomas are 
c ed and clones are selected for production of 
antibody to Fc receptor which is not blo.W by 

human IgG- antiD ody which binds to the Fc 

The selection of anciouuy ^ 
receptor through its antigen binding region (dis- 
tinct from the Fc portion of the antibody) is 

; complicated by the fact that the Fc *°^°»°IT 
et the animal species may bind human Fc 
For example, two of the four murine ^^"Tlo 
IgG2 a and Ig« - bind to the high affinity human Fc 
receptor via their Fc portion. In such instances 

0 selection can be facilitated as follows: Mter 

initial screening of hybrid— for production or Ig 
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which binds the receptor, hybridomas which produce 
antibody of the subclass which is bound via its Fc 
region 1 t*. human Fc receptor, are eliminated fro, 
consideration. The remaining hybridomas are 

5 evaluated for production of antibody whxcn binds Fc 
receptor independently of their Fc portion. 

The anti-Fc receptor antibody of this invention 
can be used to produce target-specific effector 
cells for treatment of cancer, allergies, and 

10 infectious and autoimmune diseases. Antibody 

specific for a target cell (targeting antibody) can 
be linked to the Fc receptor of effector cell 
through the Fc-specific antibody of this invention. 
The linkage mediated by this anti-Fc receptor 

15 antibody is not disruptable by IgG because binding 
to the receptor does not involve the Fc portion of 

the antibody. 

For the purpose of targeting effector cells, a 
Afunctional antibody (used herein to mean a single 
20 antibody or antibody fragment with a dual binding 
specificity) or a heteroantibody (used herein to 
mean an aggregate of two or more antibodies (or 
antibody fragments) each antibody having a different 
' specificity) can be produced. In general, the 
25 bifunctional antibody or heterantibody comprises: 

a at least one antigen binding region derived 
from an anti-Fc receptor antibody whose binding 
to human Fc receptor is not blocked by human 
immunoglobulin G; and 
30 b. at least one antigen binding region 

specific for a target cell. 
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The binding of bifunctional <^£T^ 
to the effector cell results in a tar^ 
o11 i e an effector cell with attached 

i 1 heteroantibody containing antigen 
functional or het * r °* n * ci£ic for a desired 

jinn r-eaions which are specirn- 
binding regie ^ can be 

target cell. The targ ell me diated 

usad to ^ about antibody ^ 

eytolysis (*DCC> of the target cells ^ 

x. „«n f-an be a- cancer ceix 
The target cell can oe * 

host, for example, an au pro ducing 

ceii t £ T £ d r e : i::: lo^ai » r «» •»*«»- 

dv is Lrlvad fro. a targeting antibody i.e., 
; antibody, is cell _ lsso ciated or 

an antibody specif- "J"* ^ Qf the Fc 

-r.r^- rr—n ^ - 

r—rof ~ antibody 

ceils by a linkage which is not aisr v 
0 ef£eCt ° r ' ill levels of immunoglobulin G en- 
by P^"^^ 1 "^ the tar geted effector 
centered a XH* ; loss o£ ef£e ctcr 

cells can be given in vx — 

J ell specificity due to IgG competition for Fc 
!5 reCe Te ant"^ antibody of this invention has 

30 cells. The antibody can also be used to induce 
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^ of Fc receptors on monocyte or 
capping and removal of Fc * of the anti- 

other cells. Diagnostic *^ ^ °^ ^ receptor 
bodi es include their use inf luence FC RI 

ievels and assays for susstances 
; receptor levels. 

Figure 2 shows aw after pre- 

■vv, liaand or with mab 32 after y 
10 adsorption with ligand ^ ^ 32 

clearing U937 lysates with Ixgand c 

focussing ot p/^ P u 

mab 32- Trr( - does not inter- 

1S ngure * snows tnat *»n I* d ^ 

fer e wit, th. bWi«- bUng o £ -us. 

blocks, almost completely, tne 

- 2 %r g r::r-:-t ha t hT If r r n:r 

— "" h Ti:™^-:^ -letelv t* 
to 093 7 cells, but bl ^ ^ . ncreased 

binding of mouse IgG2a UPC IFfI . gaB ma 
binding of Mab 32, 22, 44, 62 and 
treated U«, cells^ „ ce intens ity of 

25 Figure 5 shov/s tne 

. cells stained with mab 32 Ren red 

FigU re 6 shows the cytotoxxc*/ ^ 
■n= frRBCi by IFN-gamma treated 
blood cells (CWW / dy Hab32 x Fab ant,- 

mediated by the hereto 

30 cRBC. 
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«-«*-r«icitv of cRBC by inter- 
Fioure 7 shews cytotoxic ixy 

treated and untreated U937 cells. 
f e,on-gamma treated . Qf chiclcen cRB C by 

Figure s ^ y ^ treated ^ perl _ 

interferon-gamma treatea 
, pheral blood monocytes. by 
Fiaure 9 shows the cytoxicity o 

^treated U937 cells in the presence of the 
IFN -gamma tr * at ** anti -cRBC and human 

heteroantibody Mab 32 x . tao 

10 Figure 10 shows cytotoxicity 

j „r,H untreated human peripne-ax 
gamma treated and untrea antibody M ab 

oocytes in the presence of the he 
32 x Fab anti-cRBC and human IgGl. 

15 ine ai _ RI1 for human IgG 

. • fc receptor (tCKij 

affimty (p72) fc re . y preferred 
without being blocKed by human V*. 
anti-FcRI receptor antibody has the toll- 

20 char t er ^-^ ^ — 

through its antigen coining region independent „ t 

2 / tS ^antibody reacts with an epitope o £ Fc« 

* rto Fc for ligand binding) 
which is. distinct from the Fc (or g 

cite of the receptor; and 

d the antibody binds ligand <T=) occupied 

receptor- 
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i „=>i *nti-Fc receptor antibody of 
The monoclonal anti tc reu f 

this invention can be produced by ^ ^ 

monoclonal antibody methodology e.g. , ^ 

principle, vira l or oncogenic 

antibody can be employed e.g., viral 
transformation of B lymphocytes. 
n Fc receptor for immunization of an animal can 

oh from lvsates of human cells which 
be prepared from 1/s recep tor-bearing 
express the receptor. Apreierr 
• C ell line is the human monocytic cell line » 37 
hw ever, other monocytic cells such as HL-60 cells 
5 or freshly isolated monocytes can be used. Because 
■ interferons enhances Fc receptor 
the cells can be cultured in the presence of int 
feron-gamma (e.g. 100 IU/-1) before receptor pre 

• - „ hame the yield of receptor protein, 
paration to enhance tne yi 
20 a partially purified preparation of the re 

.. u„ lvslnej receptor-bearing cells 

r p D tor can be made by lysxng i-« 

ceptor ca r „. aD tor by immunoadsorbant 

and then purifying the re-eptor by 
chromatography. Cells can be lysed in a buffer 
obtaining a detergent such as KP40. The i— 
25 adsorbent can be prepared by attaching 

a water-insoluble material such as an activated 
Sepharose™ resin. The Sepharose resin with at 
ached human IgC is poured into a column. The ce 
sat8 ls passed through the column under conditions 
30 „icn permit adsorbtion of the cellular rc receptor 
protein by the IgG coupled to the resin. The 



WO 88/00052 



PCT/US87/01648 



-lo- 



ads orbed Fc receptor protein can be eluted with a 
mildly acidic elution buffer. The purified receptor 
can then be used for immunization of an animal to 
produce anti-receptor monoclonal antibody. 
5 As an alternative to the use of partially 

purified receptor protein, whole FcRI-bearing cells 
can be used as imaunogen. For example, whole 
interferon-gamma treated U937 cells can be used to 
elicit anti-FcRI antibody. 
L0 The preferred animal system for preparing 

hybridomas is the murine system. Hybridoma produc- 
tion in the mouse is a very well-established pro- 
cedure. Immunization protocols and techniques for 
isolation of immunized splenocytes for fusion are 
i 15 well known in the art. Fusion partners (e.g., 

murine myeloma cells) and fusion procedures are also 
well-known. 

Selection of murine hybridomas producing 
antibody against the FcRI for IgG of human mono- 
20 cytes, however, is complicated by the fact that two 
subclasses of murine IgG - the IgG2a and IgG3 
subclasses - are ligands capable of binding with 
high affinity to this receptor. Thus, assays for 
monoclonal antibody' capable of binding to the 
25 receptor would register as positive all murine 

antibodies of these two subclasses. This obstacle 
can be avoided by first screening hybrid cells for 
pro'duction of antibody reactive with the cell line 
which was the source of Fc receptor, then elim- 
30 inating hybrid cells which produce IgG2a and IgG3 
antibodies and finally, evaluating remaining 
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15 



20 



.„ . for production of antibody against high 
hyhndomas tor pr strategy u further de- 

a ffinity -=; pt ; x r eBpU£icati o n below. 

" , ^n, the methodology described, five 

Employing tn ant ibodies were pre- 

murlne monoclonal ^ qu ^ B ab 22. «* 

pared. The antibod.es are desig ^ ^ 

»' ^Ibr^re characteristics set 

bodies exhibit the P 

forth above o£ this inve ntion 

^ !d to produce target-specific effector 
can be used to pr ^ ^ capafcle or 

oells i.e. to . targe t cell and ex- 

re cognUing and ^ „ provides a means 

srting their ««^ cell an antibody or 

for attaching to an e££e f again3t a target 

antibody-binding fragment ^ \^ fey physior 

cell . The -«- taen o t ns 1S of n igG beca use the anti-Fc 
log ical — tra ' ° a n tes °L e attachment binds the 
antibody which mediat « * ■ region . 
receptor -rough its an J in 
Effector cells, such antibody- 
thi s way can be tar get cells. 

antibodies have dual antig (preter ably the 

one specificity , « > - ~ * ^ spacif icity £or 
high affinity Fc recepto ) ^ tecept „r 

an epitope of target -U. ^ 

, specificity - d » t ?: t 1 o i ; i K c a f rlgger molecule. The 
through a known cytotoxic trigs! 
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target cell specificity provides for recognition and 
binding to the target cell. 

Bifunctional antibodies are single, divalent 
antibodies which have two different antigen binding 
5 sites Bifunctional antibodies for targeting have 
one binding site for Fc receptor and one binding 
site for a target cell epitope. 

Hetereoantibodies are two or more antibodies or 
antibody binding fragments (Fab) linked together, 
10 each antibody or fragment having a different speci- 
ficity Heteroantibodies for targeting comprise an 
antibody (or antigen binding fragment specific for 
Fc receptor, coupled to an antibody (or antigen 
binding fragment thereof) specific for a target cell 

]_5 epitope. 

Bifunctional antibodies can be produced by 
chemical techniques (see e.g., D. M, Kranz at al. , 
Proc. Natl- Acad- Sci. USA 78,5807 (1981)) by 
"polydoma" techniques (See U.S. Patent 4,474,393, to 
20 Reading) or by recombinant DNA techniques. Hetero- 
antibodies can be prepared by conjugating Fc recep- 
tor antibody with antibody specific for an epitope 
of a target cell. . A variety of coupling or cross- 
linking agents can be used to conjugate the anti- 
25 bodies. Examples are protein A, carboiimide, and 
M-succinimidyl-3- (2-pyridyldithio) propionate 
(SPDP). SPDP is the preferred agent; procedures for 
crosslinking antibodies with this agent are known in 
the art. See e.g., Karpovsky at al. , (1934) J- Exp, 
30 Med, 160:1686; Liu, M.A. et al. , (1985) Proc. H«l. 
Acad. Sci USA 32:3643. 
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11. are calls whose elimination would 
Target cells are eel rtant type of 

be beneficial to the host One x P ^ 

n i<= a tumor cell. Effector cells c 
cell is a tumo heter oantibody having 

gated with bifunctxonal or tumor 
specificity for FcRI and 

associated or specificity for 

^l^ -ti^ or hetero- 
productxon of bxfunctxon selec ted from 

antigens can be made » method 

„ .i us. Patent 4,i'^/- LZH - 1 
of Koprowski et al. , u • * • r ^„* lv 
Ul. anticancer antibodies are presently 

,V,i C«ic antib ° dieS W ° Uld inClUdS ' 

but not be limited to: 



25 



Antibody 

M1L-2-23, PM-31, PMN-6, PMN-19 
SCCL-1, SCCL-175 



20 OC1-25, OVCT-3 

COL-1, COL-2, COL-3, - 



. . COL-13 



g pacif icitv 
Myeloid Leukemia 
Small Cell Carcinoma 
•of the Lung 
Ovarian Carcinoma 
Colon Carcinoma 



^n- t he effector cell 
In addition to tumor cells, the er 

n be targeted against auto-antibody producing 
can be target ed g autoimmune disease or an 

lymphocyte for treatment ^ 

W T*7L Z To e icroorganism (bacterium or 
Z£7r a sllL antigen ( such as rheumatoid 
factor or other auto-antibodies) . 
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Effector cells for targeting are human leuko- 
cytes preferably macrophages. Other cells would 
include monocytes, IFN-gamma activated -utrophxls 
and possibly IFN-gamma activated natural killer ^ 
5 cells and eosinophils. Macrophages can be treated 
with IFN-gamma before targeting, to increase the 
number of Fc receptors for attachment of the tar- 
geting antibody or- heteroantibody . The effector 
cells may also be activated " before targeting by 
10 other cytokines such as tumor necrosis factor, 

lymphotoxin, colony stimulating factor, and intar- 
leukin-2. If desired, effector cells for targeting 
can be obtained from the host to be treated. 

The targeted effector cells can be administered 
15 as a suspension of cells in a physiologically 
acceptable solution. The number of cells ad- 
ministered can be in the order of 10 ? -10 but will 
vary depending on the therapeutic purpose. In 
general, the amount will be sufficient to obtain 
20 localization at the target cell and to effect target 
cell killing by antibody dependent mediated cy- 
tolysis (ADCC) . Routes of administration can also 
vary. In tumor therapy, for instance, depending 
upon the localization of a tumor, the targeted 
25 effector cells could be administered intravenously, 
or directly into tumor sites; as for example, 
directly into the peritoneal cavity in the case of 
ovarian carcinoma. 

Therapy with targeted effector cells can be 
30 performed in conjunction with other techniques for 
removal of targeted cells. For example, anti-tumor 
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25 



30 



therapy with effector cells armed with FcKI/antl- 

or^i-dy can be used in 
su rgery, che^therapy or -diotherapy *d ^ 
a1 iv combination immunotherapy may 
r t t =' d "net cytotoxic effector populations 
direct tw reiection . For example, anti- 

Ward tumor cell rejec tr i,g«r 
tumor antibodies UnKed to anti ^ 

cytolytic T "c^:"^;^ antit umor hetero- 

^ • ^nnnnction with anti-KCKi run- 4. 
us ed - ~ n ' Un =^ ocol3 based on these concepts may 
10 antibodies re] „ oving residua l tumor 

^rlHal:" -uced into remission by chemo- 
therapy and irradiation inv ention 

The anti-Fc receptor antiooay 
has additionai utility in therapy anc ' 
Tb. Fc receptor antibody itself can be a "rgetina 

taraet. for cells bearing FcRI 
antibody (i.e., to target tara et lipid 

. > The antibody can be used to target up 
receptor) . The antio y treatment 
vesicles containing anticancer drugs for 
of certain hematological cancers (e.g. acute my 
1 uKemia, , or to target lipid vesicles containing 
, tZs iuch as gamma-IFN, which activate mono- 

£ ubclass (e.g., 1*2.,. =» ^ 
vivo to eliminate Fc receptor bearing ce Is ( .,. . 
^oid leuKemia cells, via natural complement or 

ADCC mechanisms. 

The antibody can be employed to modulate Fc 
receptor levels on monocytic cells. For example in 
receptor as rneuBa toid arthritis) 

auto-immune diseases v= 
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the antibody can be administered i» • 
induces "capping" and elimination of 

T ho reduction of Fc recey^ 
the cell surface. ^ of ant ibody coated, 

interfere with monocyte clearance ^ 
S elf-cells in patients. Mixtures of ant, 
.-ico be used for this purpose. 

bo dy of the inve ntion =. or nuBber of 

antibody to ^ S ntw can be employed 

Fc receptors on cells. me a 

in assays for agents which influence receptor 

xn assays f 9 amma , w hich enhances 

expression (e.g., inters * an assay 

Fc receptor expression) . For exa p ^ 

for interferon-gamma the anti-FcRI antiboay 

radioisotopic^, en^atically or d 
can he used to quantify FcRX levels- one ^ 
to a test sample. Receptor levels wxll be related 
to the amount of interferon-gamma in 

used to subclassify 
The antibody can also be usea to 

n-tlenta with rheumatologic disorders which are 
related receptor levels or to the ability of a 

Tatfeffs cells to respond to interferon by enhanced 
expansion of Fc receptors. 

Based on the increased . expression of FcM on 
XFH-gamma plus ^xa^ethasone-treated monocytes t 
anticipated that anti-FcSI monoclonal antibodies 
„ m be excellent markers of inflammatory macro- 
phages. It is possible that the accumulation and 
activation of mononuclear phagocytes at sites of 
, inflammation ( including but not limited to - 
fectious foci, septic arthritis, atherosclerotic 



WO 88/00052 



PCT/US87/01648 



-17- 



10 



15 



v, HPtected by radio-imaging using 
plaques) can be detected y cells _ 

The invention is ui 
following exemplication: 

E><en£li^icSii2Il 
Materials3nd_Meth^ 

Chemi^a^nd_Reaa^^ „ erQ vide disitiutase, 

„ r~ Tvne VI, superoxide , - iJ - 

Cytochrorae c Type vi, v . ra bbit 

M0 ; Dextran «... rlccllHW^- S * . CL . 4B 

CHBr-activated " scat » y W: 

£toB Pnan-acia ri, . C - c , ^^^^ <octyl . 
tetanus toxin, o=tyl-b D glue W CA . 
glu co S ide, and papain fro, ""^^TM, £ rom 
huB an anti—anus -^.^^ 
Cuttar Laboratories, BerkS '^' IL; carr ier-free 

£ rom PUrce epical Co. , «o=«» d, ^ 
jl" (IMS .300) fro. Mersham "lin<J Milwa u*ee, 
cy toc h aiasin 3 ^« ^ ^ , both 

—ated, ^^.T^. Crand 
5 indicated otherwise. »K Lenexa , KS ; 

XsXand. «. and ^ « systens , Logan 

OT, and a mixture Raoomb inant gamma 

£ ro» Biorad, *^ ^* By Ge nentecn, Soutn 

0 interferon was kmdiy 
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• gcQ C A 1,25-dihydroxycholecalcrferol 
San Francisco, CA. , LaRoche , 
(l,25(OH) 2 D 3 ) was a gift analytical 

Nutley, NJ. Other chemlCal * ally . 

Gained conuaerLcaiiy 
, ra de and «.« oM«u» ed 1% HP40 , 11MH 

lOug/ml chymostatm, y/ oH 7 i Krebs Ringer 

an tipain in « .Ui-i consisted of 
phosphate buffer « caCi,, «-»« 

Phosphate buffered saline (W contained 
2(M H phosphate buffer, pH 7 <^ pH 
u « NaCI and ;* KCi rn phosphat 



20 



25 



15 7.4. 



30 



i n,i antibody against the high 
. The monoclonal antibody * - 

. rv-p therein designated mab 32 

affinity FcR (herein foi iows: A 

par tialiy purified - eroe t ^ . 

a£ finity o^c^ m (sea ^ 

manner similar to a p 134 . 4 65-470) . U93 / 

. a1 fi984) J^Immunol- ki-^ 

C.K., et al. , U^ 8 "' — 1vs ate was 

ceils were lysed in 1% and the lysate 

all owed to incubate with Sepharose W * 

^ . T „- washed thoroughly ana w<* 
Th e t**™"*™*^ JWH oc tyi9iucoside. The 
„ ith 0 . 5M a=e tic d uiCn 2M Tr is and the 

elu ate was pr-ptl r -«* deternined b y a Folin 

amount of profxn -u«d S5: 
assay (Peterson, 
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^ tubes containing the bulk of the 
346-356) . The tubes vacuum dia i yS1 s 

pro tein were poo led conce ^ 
using an A.xcon H 0 -X ^ Qf 

to 0.5ml and emulsitiea t 

Fteund , ^r^r^^^ — . . 

injection or ltonllll| 4 times a, 

mousa was immunized ionizations 
roughly 1 intervals, t „ 

^«-ri\;pd from U93/ = 

" tn. splenocytes were fused with calls 
o£ the NSI myeloma line By 236: 495: 
5 (Kohler, G. and*. ^^-SMS) . 

BaU ' 1 Islfthe hybrids were screened for their 
supernatants of the hy lndir ect immuno- 

ahility to hind to U93 » chosan 
fluorescence assay using a flow » rescreened 
!0 nyhrids were cloned hy ^ £1 uid. 
and expanded either m tt b e an 

Tna protein from clone using i3otyp e- 

IgG l antihody hy an — ^ was precipi- 

specific antisera. IgO °£ <* ion 40% ln 

25 tated fro, ascites hy maKin th s 

a^onium sulfate. ^^^"^ pH8 . 6 . High 
and dialy-d against 20m« Tris huffer, p 

pyrhanqe chromatography Ktitru , 
performance on ' tlv . PR0TEI ,.-P*K- 5 PW 

carrl ed out on a S « ^ elutinq 

30 (Waters, Milfora, 
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r,w r 6 delivered by pump A. 
b u«er was 20mK Tr«. PH 8 6 
2 0mM Tris. 0.3H NaCl. pK 8.6 was dell 
B A sixty minute linear gradient, 0-100. B « 
*fof 8 ml/min was used for elution. The 

:z : ::i:/ 0 ndin g *, Ig = « P = r; T — 

I.perLents the purified IgC was 
sepharoseProtein & column to *- 0 ™. tEa °"£ lt * 

to less than 0.005%. Pepsin digestion of whole 
antihodv was performed essential!, as descrioed hy 

„ . „ p (1983 ) J. Immunol . iii* 

, Parham (See Parham, P * (19") _ — 

+- i-h& diaestion time v/as j uj- 

9RO5-29-02) except that trie axg« 

d the PK 3.6. ,(-.2 - HsK 

„ al filtration chromatography using a ts* 

5 reducing with lm« dithiothreitol for 1 hr at room 

the TSK 250 column- ; 

« 0-7 mab 44, mab 62 ana 

The preparation of mab 22, mab 4., 

20 mab 197 were as above, except that for mabs 22 A 
Ind 197 the immunogen was IFN-gamma- and dexametha 
sone activated U937 cells. Ml procedures and 
preparations were the same as for mab 32. 

The preparation and properties of monoclonal 
25 IV3 have been described. See e.g. Looney, R.J. ^ 
ai (1986) J. SHEfflOl. 136:1641-1647. IV3 was used 
Z supernatant fluid from the culture of cloned 
cells- Fab fragments of IV3 were prepared as 

p J et al. IgG or IgH fractions 
described Looney, R- J- S-ii- * 
30 of murine monoclonal antibodies or myeloma 

«opc 141 ,!**>,) . ^' G2b » ■ " x f ^ 
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=rit . 6S fluids by ion 
(I9 „, were purifi^ *=- indicated, 
exchange chromatography unlsss oth ^ 

^ t-he supernatant rxuj-u. 
In some cases, the s p ^ ^ asc ites fluid was 

hyb " C ^ 18 ™ ia to^r Frantz, Department of 
dona ted by ^ Roche ster. MY7 was 

pediatrics, Unive- fL . Le u-M3 , an 

pur chased fro, Coulter H»*«*. from 
anti-monocyte monoclonal antibody 

L0 tmmune comply (200L£/.1I with 

prepared by incubating tetany 

P „ yP er-Tet™ antibody ,20.«£ > ^.^^on 

at 13,000 x g for 1 min _ 

l5 r-^^J^J^ by adding o.l . 

protein concentration ^ assuming an 

NaOH and measuring absorbance ^ jgG 

extinction coeff ^ ^LlatograpUy was cova- 
purified by ion exchange « edification of 

20 lently ----^ s - c - *r 

the cyanogen bromide q Qf 

7.6»g IgG/»l sepharose. Ant! m g 
c[IB r-activa t ed Sepahrose according to ^ 

25 f act«er.s ^^.^ sephaC ose adsorbents 



5mM KI. 
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Cells Gained from the 
Human granulocytes were cbtaine £rom 

peripheral blood »f normal ^ Ration 
mononuclear cells on '^^'^ and finally 
of erythrocytes ^;^ eEVthr ocytes. ~epara- 
ny potonic lysrs of Mononuclear cells were 

tions were 98% granulocytes. & _ 

• ^ h » Ficoli-Hypel 118 separation i 
obtained by *^ £^ tz _ ssss t ! . 21 = 77-83 

(196S ! §2 ^TT^eIiro71nr^7HL 6 0, »«2. 

(Supple, v/n- 7A Tines were 

Lai, — . ^ru;:;;: : s =^- — 

maintained in continuous the 

of the cell- lines used were „ ere 

m ~ rniture Collection- 

, rsir,rr:-cr « - - «. ,* — 

„ he n tested by trypan blue exclusion. 

ceils were surface r ^ a _ c _ 

:0 (1978) 2i°S!!S&=--S^ inc ubated 

0 . 7 ,1 cells in at scintillation 

125 T for 3Q mm at 0 c m 
ith 1 mcx 1 tai ., The reaction 

ial coated with - — ^ r/sned wit, S * 
a3 inched and the cells ^ ^ ^ 

25 KI in PBS. the cells » mcie . otber 

buffer for 30 «xr - at 0 ^ centri£ug ation 

insoluble material were p 
at 7800 xg for 20 min. 



with. 
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sss^^^^^^ sen sitized with 

■^^r;^ *« 3 h rs at VC 
„onoclonal antibodies by i Buri fied from 

„ ith 10 oul superna tant f uid o „ P 

ascitas r«Tv»s. — - - • 

lab eled eel lysate ( fa sitlze d Sepha- 

12 hr at .° ' separate SOui portions of lysate 
ras e-anti-mlg. Sepa se _ hIgG . The 

„ er e incubated with 25ul sepn i% 
Sepharose conjugates «ere washed x7« 
NP40/PBS/KI and in P«P*«"° £ ^ . 
--^^tr-irrt^U sample buffer 

^ -i The supernatant was acetyl 
captoethanol^ ™ J ^ uas analyz ed by 

adding Sul IM loooa described: Anderson, 

C. L. (1932) J. EX£- <3S_ — , wers 

• ™a-rkers included in an 
molecular weight marker 125 - rabbit muscle actin, 
125 I „ bovi „e serum albumin, hvd rase 
u i ace B ovalbumin, carbonic anhydrase, 
'Tart y in' inhibitor, and lysozyme. For 
soybean trypsin uashe d adsorbants were 

isoelectric focussing, the washe „. 

incubated for 1= «n "^"^ the elua tes were 

. • ^ mrarrell sample butrer 
taming 0 Farrell P prepared as 

electrophoresed on a verti 0 . rar rell 

ascribed for tbe first dl*ens on * ^ Biol • 

procedure, see O^rrel , • ^ ^ --^ 

1 ^ e iat -i anes of tne gel into 1» 

^rin n "ting each section o.ernig. in 
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i W n The gels were stained and dried, and 
1*1 H 2 0 ed using pr ef egged x-ray 

autoradiographs were pr p described . see 

film and enhancers a, ^ gs of 

Anderson, C L. Sffi^ autora diographs were 
i the P 72 band appearing on 

enlarged 157% using a photocopier and were 
' with scissors and weighed. 

Bi-*iB23n^ and the IgG 
f^^T^^vrot*!* (Xrr) and* 

h were radio iodmated by the 
10 fraction of mab 32 .ere r acti vity of 

chloroglycouril method to a specif 
i = uC i/ug Preliminary experiments establish 
1-oud/ug- achieved with 4 x 

equilibrium and saturation for 
10 7 U937 cells/ml after 2hr at 0 C at 0 3 g/ 

15 L 32 and l. 5 ug/ml for ^^^^ 
c .„.,->, 12 I-hlqG and I -man 
binding of both nxg 

cells by unlabeled preparations of both hlg 
Tab 2 was .evaluated by incubating the 
1 r adioantibody with cells in th, P"*°* 
20 ti tered amounts of unlabeled antibody or ligand 

, . . • rell-bound radio 
i-hP above conditions. <-eiJ- 
under the abov ^ centrifuging 

activity was separated from free Dy 
triplicate 50ul portions of the cells suspension 
^h an oil mixture as described. 
25 L- and Abraham, g. K. J. Immunol 

2741 . ^specific binding ; =b ^^7 3 ^ 1) 

or antibody (333ug/mi) 

oal cula«d as described. Anderson, C L^nd 

„ - .t. Immunol- 125- 



Spiegelberg, H. L. (1981) J. 
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^—11— cIIITwere incubated for 2 

4 . C in 50U1 of antibody (either »b 

in , m/m i solutions of puritiea xy« 

5 °tt ;:s ^. in rpmi 1640 

fractions of asci^e* l 

growth -ediu* containing «■/.! bW» « 

9 , . The cells were washed x3 in 

nonspecific ***** • *» - resuspendei and 

PBS — 0^ !• «-,' 5qu1 FITC anti . mIgG 
incubate for 2 hr £ 4 .. Mannheim , 

(TAGO, Burlinga-. CA o ^ ^ 3 ^ 

Indianapolis, IN) , ana 

Stained c.ll. -re -aly.ed cn an orth ~H C/b. 
fluorograf ho- cyto»eter using argon laser, 

L< or S00.W power. Green "-rescence was 
collected through a 52 = n m bandpass f t 
10 , „„0- 5 0,000 ceils gated for low angle gh t 

scatter (to -^J^II n ~ -r <to dis- 

tinguish monocytes uj. 10.374, 
see saltan, 0. 0. et al. ,1.7,, Ac£a cy^I- 
Tne ,o- light scatter signal characterise of 
locytes was determined by separately sta^ 
aiiguot with anti-»onocyte antibody Leu-M3. Based 

t i. fni- 90- light scatter were 
on these data, gates for 90 lig ,,„„„, of 

adjusted so that the green fluorescence signal 
monocytes and lymphocytes in «™»» 1 "^ EMn 
suspensions could be separately collected Green 
florescence was collected as a linear signal. 
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v v for the development of monoclonal 
Th e s^lXe T^ affinity 72kDa Fc* .ad 
antibodies against the hxg ^ fQur 

to de al an! Xg.3, hound with 

5 -rine igG subclasses ^ 

^ * ff inl ^ t0 * ant ibodies of these two 

binding would register- all ^ called for . 

subclasses. Our protocol, there ^ ^ 

Sizing a ^-J^^^t. - an 

L0 u93 7 cells, screening the hy eliminating from 

Ig - capable of b ^ ^ and 

further consideration ig for tlie i r 

evaluating the f sur£ a=e mole- 

capacity to ^™°^^Zlo*^ of this 
15 cules. (additional ^ „ and Bab „ 7) 

specificity (designated mab 22, mab 

20 binding. U937 cells- Of these ^ ? 

- Trrn 7 were xg^J-, c w 
subclass, 1 was IgG3, 7 d . 

„ere either of mixed subclass or. ^ 
Th e supernatants of. the culture, ■ "'^^ to . 
„ere then evaluated for their adsQtp _ 
25 72W >a cell surface molecule by an affinity 

tion assay. _ radioiodinated 

Detergent lysates of 0937 cel1 n 
, lir n method were mcuJoatea, ^ 
by the chloroglyccuril met Sepharose -anti 

U Figure 1, ^ t 1 h « t ur f £i r e / murin e !gG2a myeloma 
Blg sensitized «<* »"£ f ^ „ (lan . 3,; vith 

protein RPC5 (lane 1) or -l 
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15 



r„r flane 4); or with Sepharose- 
Sepharose-human IgG (lane 4>, 

«r, e iH zed with mab IV3 (lane a; 
anti - m i g in the rl , h t hand panel «« 

three samples sensitised with 

el uted from Sepharose -ant , mlg ^ 
either Intact IgG of «b 3 > ^ fab . 

£ rag n ents of pooled hu»an I* (£» 
fragments of mab 32 (lane 8, Th ^ 

hoH fre « of unbound radioaccivj. y 
„ere «ashed fre SDS - c ontaining 
boU nd mater^l ». elut rophoresl3 on an 

-pie bu£fe : a :r de a ;: Y ;:!ioLd w 

T'lnHan o - ^ marked on the lateral 

Adjacent lanes n contained radio- 

of the autoradiograph containeu 
margins of the , fiaV na> and rabbit muscle 

iodinated bovine alburn (63kDa) and 
actin (43*1*,. Lane 2 contains a mab of 



20 



25 



30 



subclass- , . infl TaG2a and 

an of the supernatants containing ig" 

■ 0937 antibodies adsorbed a 72kDa molecule, 
IgG 3 anti-0937 nt supernatantS , one 

as expected. Of. t ^ Qf ad _ 

IgGl (designated mab32) furt her 
sorbing a 72kDa molecule and was chosen to 
Tdv Of the remaining 6 IgGl supernatants, 5 
study, or cat; adsorbed small 

adsorbed a HOkDa molecule and one adsorb 

amounts of a 72kDa "le^ observa tions . The 
Fig ure 1 summarizes thes ^ 

aut oradiograph ^ t ^ / ^ioiodinated 0,37 cells 
frora de terge ys ^ ^ Qf this 

with mab 32 (lane 3) SDS _ polya crylamide gels is 

mo lecule as determined on SDS pol/ * 

• v. v,i,= from the 72kDa FcR affini^-jr 
indistinguishable from tn capable 

adsorbed by Sepharose conjugated „ith lig 
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-,H the receptor. Thus. Sepharose- 
of interacting with the P Qr 

Ar,rr t?pc5 » a murine xg*-^ ^ 
anting bearing T ^ C5 ' ane 4) bo th purify a 7 2k Da 
Sepharose-human IgG (lane ^ affinity 

m olecule that has been shown person, 

- TT q37 cells and human monocytes i 
FCR oE U937 cell ^^94-1805). An 

C . L ., (1982) J^_Exp^Jl§_ — L 40lcDa was 

add itional molecule of aPProx-ately ^ 

- — bLood cslls as 

well- . . a „_ not been found to 

bind to the U937 hign fai ied to immuno- 

precipitate the 72KOa JC < ^ ^ ^ ^ 

lished, , it »as fab rttao of 

kDa molecule as an antibody Y ^ the 

£or their ability top- P--/. anti . nI , sensi - 
Flg ure 1 indicates ^ S *ph* 32 P«^~ 

tized.with these Fab' fragmen 

the ^ the .ab - purified fey the 

25 do not (lane 7) . - re _ 

~ * 3 2 is shown m lane 

intact igG of mab 3 2 

ference. in Figure 1 

OTg h the aut=»d^ seen ^ ^ ^ ^ 

t he molecule purxliea 
sn=»s that the - „ the mo le=ule 

30 same "W-""'" 0 '*^,- t . JO other methods were 
purified by the ligands, t 
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. hpther the molecules are 
util ised to ot radio iodinatad u 5 37 

identical. First, lysat ^ 
cells were precleared with orbent ( „ Ig Gl 

adsorbent o £ »a> ,2 or ^ the FcR) . The 

5 „ hi =h ace, not -;/;; r / r t e Ben p tested ^ p» 

precleared lysates «' r " Sepharo se-anti-mIg 
by ,«init, ad,or b t,on « ^ ^ ^ binds this 

sensitized with bound to the adsorbents 

FcR. Radioactive m SDS -polya=ryi- 

^ - a lysate o-^^- 

cells W ere i-c-^-j;^: as "P-lea^ 
tize d with several mabs g ^ adsQrbants 

adsorbants" in Figure - and the super- 

were centrifuged out of *«^ n get of affinity 

na tants were i^^^t--. «- 
adsorbants *-"* nat * " of fina l adsorbants were 
20 el uates from the washed ^ a phQtograph 

processed as descry d f ^ ^ ^ q 

of the set of 7 2kDa ver tically. 
on the autoradiograph, ^ ^ ^ autoradio - 

Dens.cometric tracings onj?^_ ^.^^ band den sity 
25 graph bands were cut ou a ^ depletion of 

is expressed as ^ ^ _ calculatsd by 

p72 b y the P- Clearin d g , and 4 , 2 and 5, and 1 
comparing lanes 2 and , 

and ■ tanes 1 and 4 of Figure 2, *ab 32 

Comparing lanes i x purified by 

, _ 3S , of the p7 2 subsequently P 
precleared 73-s ot 
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mlgG2a. The reciprocal experiment, preclearing wxth 
mIgG2a and then purifying P 72 with mab 32, indicates 
that 89% of P 72 was precleared with mIgG2a (lane 3) 
compared with the mlgGl sham control (lane 2) . 
Control experiments were performed in which the same 
r-agent (mab or ligand) was used both for pre- 
clearing and for subsequent purification. These 



showed the efficiency of preclearing to range from 
81% when mab 32 was used (lanes 2 and. 5) to 93% when 
mIgG2a was used (lanes 1 and 6). We conclude, 



therefore, that mab 32 binds to the same high 
affinity 72kDa FcR purified by ligand affinity 

adsorption. 

The third method used to test whether the 
ligand and mab 32 bind the. same 72kDa molecule was 
isoelectric focusing. Figure 3 shows the results. 

A detergent lysate of radio iodinated U937 cells 
was incubated with Sepharose-anti-mlg sensitized 
with either murine IgG2a myeloma RPC5 (lane 1) or 
mab 32 (lane 3) ; with Sepharose-human IgG (lane 4) ; 
or with sepharose-anti-mlg sensitized with mab IV3 
(lane 5) . The radioactivity bound to the washed 
immunoadsorbants was eluted with urea-co/itaining 
sample buffer and was analyzed by isoelectric 
focusing and autoradiography. The pH gradient is 
shown in the left margin. Lane 2 analyzed a mab 
still under investigation. 

An identical, pattern of ten distinct bands 
having isoelectric points ranging from pH 5 to pH 7 
was seen in both lanes (Figure 3, lanes 1 and 3) . 
similar although subtly distinct pattern of bands 
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. „ , he e iuate from the IV3 
was seen in lane 5 ^'^^"^ the 4 OKOa 
affinity adsorbent ^. huBan IgG which 

FCR . T he eiuate fro, S.P ^ ^ 

pur ifies both the 72 and ^ .^^^ fo - 

lane 4 as a composite o 

casing patterns wxth =°* e ^ , most likely 

appearing dimmer than in 1 diss0 ciation by 



10 



15 



20 



urea unliK. the ^"^J^, . Th us. these data 
antigen interaction, < la " o£ the 72XDa 

turther sub.tant.ate the ide Y ^ „. 

„ ol ecules purified ^/^V^ression or the 

sinM ir«-ga-a enha " C . ndlrect in muno£luores- 
high affinity rcK - used ^ of 

cence and flow -f-f^^^.^.ated U.37 =.11.. 
m ab 32 to control * nd ln Ending of both 
Ta bl* 1 shows a 3-fold protein to IE»- 

nab 32 and a « dete rmined 

gamma- induced 0937 «11- bindlng of mab 32 

aether hiao interferes .„ Table x , MgC 

to the Fc R of U9V cells^ ^ ^ tQ ^ 

significantly blocked the ^ ^ ^ 

FcR of ^ the mab 32 binds to the 

a££ ected. ^Lct from the ligand binding 

72kDa FcR at a site a 



25 

site- 
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Table 1 

Binding ^control- an, » 



First Antibody 



P3 (mlgGl) 
Mab32 (mlgGl) 
RPC5 (m!gG2a) 




10 



SxlO 5 colls from triplicate cultures of U937 
5x10 c-ii without 100 IRU/ml IFN 

cells grown 43 hours with or w thou ^ 
were incubated for 2 hours at 4 C in Qf 
containing BSA (2mg/mD and 40 ug/ml ^ ^act, 
the mlgGl myeloma P3 , and mlgG2a myeloma RPC5 
the mj-gwr a Wa> ,., 7 ReDlicate mixtures 

„ ' (Litton Bionet.cs, or ^ ^ FcR binding 

contained 4 «,/«,! hI,G to x ng/ml) . 

site. «fr 3 washes (1 ml cold PBS/BSA, 1 9/ 
L. cells »ere incubated 2 hours at *-C «thMQ^ 
uo/n l FITC anti-mla ( Boehrin,er-«»nnhe im ) , -ashed 
20 JL PBS/BS, and fixed in » formal n. ^ « f 
.ere analyzed on an ortho 50H cytof luorograf using 
Z - Citation at ,33 -ul. • « • 
as mean fluorescence intensity , SD or trip 
cultures.. The mean fluorescence intensity of 
25 unstained cells (auto fluorescence) was 25x2. . 
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„ .uu 9h iUtv of both mab 
We further quantified the * blllty 

• case a human igGl tnxy^ / 

32 and a ligand, in this caS * binding to 

. ^ « , arr \ to inhibit tne 

^ Pr °Ti » s I-hu»an "IgGl (*«> or 

U9 37 cells of either 1 n ^-mtg of these 

125 w -xi Fiaure 4 shows the results oi 
■ L ' dD I-mab 32. Figure , H s Q f sa tura- 

under conditions UL 
inhibition experiments^ Unde ^ 

tion and equilibrium, U937 cell 
A -r with 125 I-mouse myeloma IgG2a (UPC ) 
125 T b 32 in the presence of varying, amounts of 
I-mab 32 in th P ant ibody was 

,0 unlabeled human IgGl. Bouna 

- fram fre- by centrifugmg the cells 
separated from fire- Y counting the 

through oil and was ^f^^Y 

radioactivity associated with the c p ^ ^ 

15 f l total binding 

Percent inhibition, calculated as 
binding. percent . „i,,+-t-pd versus 

^-ft* of total binding. 
20 fcindm, was 6 8. of ^ 

As saan in figure not 
nations found in hu»an ° f »f » „ on 

reg ion is used, ...» -Is o f , ^ ^ 

my eloma IqG 2a desi human IgG has also 
Uga „d. Identical n i> t x J ^ ^ igci ^ 

30 ri" - «-* «- — ° £ Mb 32 
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to calls does not interfere with ligand binding to 

to ceixs d binding does 

the FcR binding site and that Lxgand d 

not inhibit mab 3 2 binding. 

The types of cells which bear the epitope 

E ecogni*ed by mab 32 «-e ^ Ttt are 

immunofluorescence and flow cytometry and d *a 

presented in Table 2. It is 

bind, to those cells which are known to bear the 

monocytes. Lymphocytes were negative as 
cell lines Raji and Daudi, and the T 
»lt4 and Jurkat. Some sample's of - U «°^ S 
Showed low level binding of mab 32. Figure 5 shows 
the florescence intensity of cells stained with mac 
T Each panel displays histograms of fluore scence 
intensity vs cell numberfor celis stained with mab 
T2 (shaded area, and murine monoclonal ^bcont 1 

, „ cells shown are: a) lymphocytes, b) 

(solid line, Cells Honocytes and lympho- 

monocytes, and c, ^ mononuc lear 

cytes from a single suspension 

cells were identified by gating on forward and .0 
Light scatter. Panels a and b are 64 channel 

y . The fluorescence 

histograms (20,000 cells counted). The flu 

detection gain was set at 1500 to bring the lympho- 
cytes on scale. Panel = is a 256 channel histogram 
q 'ated on forward angle light scatter (1.1 00. ce Is 
counted). The fluorescence detection gain was se. 
Tt 1400. The scale of fluorescence intensity uni.s 
was calibrated by fluorescent microspheres. 
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Table 2 



• • mtensity of Mab32 on various call Types 

Staining Intensify 

— Mab32 



5 U937 
HL60 

Monocytes 

Lymphocytes 

Neutrophils 

]_0 Daudi 
Ra-ji 
Moit4 
Jurkat 




Control 


n 


26±10 


11 


16±7 


7 


29±H 


8 


9 + 3 


2 


23±3 


2 


33±2 


3 


18 + 2 


3 


23±3 


3 



92±20 6 
80+26 3 



T „e specfic methods of .this experiment "^de-^ 
tai leftn.Lthodsand M at ^ s. mo In n b» , 

Lb32 or mIgG2a and with con were then incu 

b^^ 

for fluorescence - ^orescence intensity (MFD 
are expressed as mean 

arbitrary units ± SD -________^________ 

x it should be noted 
M illustrated in mure , £ . 

that in spite of " ^ „ itn nab 32 

intensity distribution o - ^ ^ 

and control antibody u e . ^ 
o£ aU posit!ve cell types i ^ ^ 

distribution with «b 32- Th «^ ^ ^ . 

::::: tr. — - ~ 

positive for binding of mab 32. 



WO 88/00052 



PCT/US87/01648 



-36- 



Discussion antibodies 
T he ^elop,ent of .cnoclonal an ^ 

against t*. High af f inltY e /; s V a ° s r a g partic ular 
m ononuclear phagocyte c J 

IgG2 a and IgG3 (A nderson C-L. and 

high affinity to this recep I 273 5-2741; 

„ ™ r M (L930) J. Immunol- 125- 
graham, < L ~ ImmUol . 135: 1299- 

Zubeck, M.D. et al (1985) J — — binding 

acsav for mabs capaoxe 

» He ^."s — - 

• « these- two subclasses. Our Sv._a^ 

antibodies of these . .. cle however, 

-H+-h this obstacle, 

„ as d esi g ned t< , d - ^ Bonoclonal 

Trf s of the 1*1 subclass capable of bindino 
» at sites on the outer surface of the 

th is receptor «t u binding 

plasma membrane dis-mct: zi ,„ =H „ n =an be 

•h. The data supporting this conclusion can b 
^ariled brieflv for the prototype antibody mab 

20 nrst, mab 3 2 is of the 1*1 subclass- This 

v. has be-n found incapable or 

m urine IgG subclass has be n _ 

hiding . to the hign affinity , cR. S- 
son C. L. and Abraham, G. M. (wui - - 
25 i 25 ' 2735. Of the seven loci mabs with ant,-0937 
Sivity derived from the fusion descr ibed above 

acav y „ lTr a nnicDa molecule frora 

four of them adsorbed only a ^ 

«f surface radio iodma ted U937 ceiis 
lysates of surface r ^ proper -^ 

adsorption of the / 2kDaFcR J 

(nf the two remaining 
30 of IgGl proteins- (Of the mole cule and 

one adsorbed small amounts of a 7 2kDa mo 
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— -r ha :: rj::r,L - - 

Kevertheless, to . its Fc 

32 3 "tin , » tested the capacity or F.b- 

5 region to the fc. , FcR and 

fragments of mab inde pendently of the Fc 

found that binding occurs xndepe 

portion of the mab £xg J- ^ ^ molecule 

Second, our data sno , e _ ule identified 

- u msh 32 is the same molecule 
10 adsorbea by mab 32 prQ . 

as the high al -t, - ^ ^ (19fl2) 

.iously describe See^ ^ ^ ^ mclecules 

— ' "^entTcal by polyacry lamide gel electro- 
aFP ear ident cal 7 P ^ ^ iscelectrrc 

15 Ph0rSS1S "I of the two molecules are the same 
focussing patte.ns hetero geneity of . 

as well (Figure 3). The m ascribed to ter- 

n ' this molecule has been ascrioe 
charge o this ; The preadso r P tion 

m inal sialic acid re ^ ^ ^ 

20 experiments shown in Fig ^ d by bot h 

*-v,r,t the 72kDa molecule- 
contention that the Either Lig and or 

, t -y are identical* 

Ugand •»« -" 2 «r same _ 2kDa mole . 

nab 32 is capable « th>t it is no 

cule to . detergent adsorption . 
25 longer available to * 32 binds to a 

Third, the data indicate th 

i-vna FcR distinct from the 
site on the .7.kDa This observ atlcn 

Ugand binds (Fig«e 4 Table I ^ ^ 

constitutes direct evidence that . fc 

i-o the receptor as a ligana, 
30 not binding to tne *\ uinnina The capacit, 

wer e it should inhibit ligand bmamg. 
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10 



15 



20 



psw . useful in a nu^r o ™- « ^ ^ 
detection of the receptor in the p 
To date this has been impossible 

Fourth, it is quite clear from Table 2 

Lely, -onocytes. ells ^ 'ST^s 

correlation is further evidence that -b 33 i ^ 
directed against the high affinity F=R. ^ 
phils , according to the data of Table *• 
only other cells capable of binding 
JL, of binding is so 1. as. be^oca, 

express! neutrophils of normal 

it is conceivable that trie n * 

Elects show subtle evidence of induction o£ th.s 

receptor. 

SnH Taraet Cell Anti^odvJIetero^ 
A^i-Fc Receptor - Anti-Targecj^ 

a^rgj^e^^ . , 

-^^r^r^^^^^^ 32 - 2 ' rai , pr 

ag ainst the ,2 ,d oocyte affinity , - .tor 

,I S used to examine the role of this 
ADC C Whole 3 2 or its Fab fragments were cross 
" nk ed to Fab fragments of rabbit anti-chic*- red 
lood cells (cRBC) using the agent SPDP. 
. resulting heteroaggregates (32 x Fab anti cRBC^ 
medi ated monocyte and US37 cytotoxicity against 
CR BC. See Figure 6. The client _ 
an ti-Fc receDtor and anti-target tau 
D between the and c <- 
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;„ order for ADCC to occur, since 
found necessary m order atlti -cRBC 

— -r^rreeli^ cells did 

did not promote ADCC unless 

not perform appreciable levels ^ ceUs 

stimu lated ^ IF- ^ iFN _ ganma . (see F.gure 

was stimulatea 3 * human , peripheral 

7) in contrast, unstim cRbc . n the 

fPBM) were able to kh- 
blood monocytes (PBr-> heter oantibodies , ana 

- T7 x Fab anti-CE netciu 
presence or 32 x ^_ ^ IFN _gamma (Figure 3) . 

L0 cytotoxicity was increased ^ ^ 

ft" control -« ::: -f°- :l F : ti ;; iate control or 
^^^pccus mutans a fcargets . 

IF „a treatea proKOted cell 

See Figure 8. 32 x inhib ited by high levels 

o£ blocking I<j01, while c, inhibited by 

rabb it anti-OBC antiWy untreate d 0«7 

IgG l, hoth with —;^ b ^r: e Fab anti -cKBC- 
cells- See Figure • ^ without 

20 promoted Killing by by increasing 

IFS -gamma treatment anti - c P.EC antibody 

level8 of blowing ^^; ck R i ; b inhibited by igci 
promoted killing was quickly iQ> 
an f iFN-gamma induction. Se_ y 

„ '-ir,: «»« •»,;:;'.::::",».. 
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expression of surface Ig and used directly as target 
cells. Hybridoma cells expressing surface Ig 
directed to the high-affinity FcgR were efficiently 
killed by human moncytas, whereas hybridoma cells 
5 expressing surface Ig directed to other molecules 
present on the monocyte membrane were not lysed. 
Thus, FcgRI, when appropriately triggered, specifical- 
ly initiates monocyte-mediated cytolysis of tumor 
target cells. (Graziano and Farger. 1937 J. Immun 

10 13£ 945-950) . 

In previous studies', it has been indicated that 
IFN-gamma increases both the number of FcgRI mole- 
cules per monocyte and the ability of monocytes to 
mediate ADCC. In the work described here, treatment 
15 of monocytes with IFH-gamma did not consistently 
augment their ability to lyse a hybridoma cell (HC 
32. 2A) -expressing high levels of surface Ig to 
FcgRI. However, a difference was noted in the 
susceptibility to monocyte-mediated killing of 
20 hybridomas bearing low (HC 32. 2C) and high levels of 
surface Ig anti-FcgRI. Untreated 'monocytes were 
able to mediate lysis of both the high (HC 32. 2A) 
and low (HC 32. 2A) surface Ig-bearing cells. In 
contrast, IFN-gamma treated monocytes lysed the two 
25 targets equally well. Thus, it appears that IFH- 
gamma enhances the capability of the monocyte to 
mediate antibody-dependent killing under conditions 
where limited antibody is available on the target. 
Cytotoxicity of the anti-FcgRI-bearing ceil 
30 line HC 32. 2C was inhibited by soluble 32.2 antibody 
but not by monomeric human IgG, the natural ligand 
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,.« Although this I. not altogether 
£o r the receptor. Xlt 9 ^ ^ epltopa 

surprising since MAb 32.2 ^ ^ demon . 

outside the binding site ^ FcgRI naed 

strate that the ligand J human monocytes 
not he occupied in orde, r«^JH uslng mab 32.2 

to Kill tumor cells. sh0 „ n tna t 
and a second anti-mouse reagent 

tne release o £ su P; ^ - - °" g that cross- 
requires bridge, of ^I' tumor cell 
0 linKing of receptors may also «^ ^ 
cytotoxicity by the »r - t ^ present 
cells, coated «th antxb V antl „ 

studies, ^"^"^"lld create extensive 

FcgRI antibodies per =- - yte cell surface. 

5 receptor cross-lining on the - , ^ 

, „u in the present si:uu.y 
Although m tne y ^vnxicitv was 

FcgRI in^e< . - « tr - ^^t 'produces 
pressed on the sur -e ^ ^ 

B ab 32. a - y ba d ^ C ;; d UnKing it to an anti- 
20 types of tumor cells by het ero- 

tumor-specific »n tlb ° dy ' to mo nocytes by way 

antlbo dy could linK tumor cells ^ 
o£ the FcgRI and may f ^s c thera- 

C .U. These -agents wou d b t ^ ^ _ 

25 peutic agents, ^ JisZ present in the host. I, 
n ormal cytotoxic ^^J.^ to a re gion of the 
addition, because sit e, human IgG 

FcgRI outs «e the -rma 1 r ^ its 

or immune complexes w pre pared hetero- 

we have in tact 

binding m vivo. 
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10 



, 0(1 i a te cytotoxicity by monocytes, 
antibodies that mediate cy ^ ^ ^ ^ 

32.2 and the Fab by monocy tes 

antibody ^ 7 9 cells . TWS Killing 

and by iFN-gamma-treated corltr ast, hetero- 

„ as not bice*- by ^"J^^ of and 
antibodies composed of Fab fj- ^ ^ by 

antl . CE antibodies did not -ed =£ FcgRI 

oocytes . again suggests tne sp 
in triggering prep ared netero- 

More -P™^' " moMClona l antibody 
antibodies of aab 32.2 carcinoma of the lung 

t0 hUM ? 5 " c this fcetercantibody can 
(SCCL) . „e .ave ^ ^ „ vitro by hum an 

„ ed iate Killing of sec, apptopriat e hetero- 

B ono=ytes <-M*££ lysi3 of human tuB or cells by 
antibody can mediate. xy* 
human monocytes. 

TABLE 3 
ADCC_Oj L SCCL_CELLS_BX 

E/T 

/ml 40'1 60:1 80:1 
Heteroantibody W soe ^ic^ytotoKicitv 



25 I 3 24 11 

25 SCCL-175 x 32 « 26 

100 31 J/ 



15 
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10 



.ficacy of heteroantibodies 
The in vivo efi f icacy ant ibodies may 

— " o^V-io^ sue, 

be enhanced by trie ^ 
as IFN -gamma or calcitrxol. 

Egui^vaiSS^- 

+• will recognize, or be 
Th ose .ictll-d. in the art experi . 

abie to ascertain ^ specif ic embodi- 

m entation, -any ^^J^ her ein. Such 
onts of the invention deserve b the 

^ aro intended to be encompassed y 
equivalents ar_ 

following claims. 
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CIAIMS 



v e receptor-specific monoclonal anti- 
1. A human Fc recepto * reC eptor is 

body the binding of which to Fc P 
not blocked by human immunoglobulin G. 

a . , monoclonal antibody ^^^J^ 

high af,xn,ty jc recep ^ aLtm on the 

oocytes the anti Y ^ 
receptor being distinct 
, site for Fc- 

3 . h monoclonal antibody ^ ^ 
a . binds specially to « - 

„i gtl affinity Fc f "*! t inct £rom 

.onocyt^the ^ ^^'^ 

5 the ligand binding site for Fc 

„ of bindin, to X, G - occupy ,c 

c . bindin, to U» 

;Q tor by human IgG- 

, ^ PrRI antibodies selected from 

4 . Monoclonal anti-FcRI anti ^ ^ 

the group consisting of mab 32, m 
mab 62 and mab 197. 

5 . K Afunctional antibody or fceteroantibody. 

25 comprising: 
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6. 



7. 



15 



8 . 



« *ntiaen binding region 
at least one antigen antibo dy, 

derive d from an , - J pc receptor 

b "".east one antigen binding region 
specific for a target epitope. 

A bifunctional antibody or neteroantib ody^ 
claim 5, wherein the anti reC eptor 



lim 5, wherein cue - t Fc receptor 

flr4fic for the high affinity 
10 is specific not 

for human Ig- 



claiB s , wherein the anti-Ec re P 
ls .elected lK . the group ^ 
,2, *ab 22, n,ab 44, » 62. »b 



fori antibody 62. 



. • „ h-teroantibody of 



a /cancer cell . 



20 9 . 



• i antibody or heteroantibody of 
A bif uctional antibody ^ ^ of 

Claim 3, wherein the target p 



Claim 3, 
an infectious agent. 



10. 

25 cell. 



4= riaim 5, wherein the 
A functional "•^V/.^cdy-producin, 
target epitope is that ot 
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A Afunctional antibody or heteroantibody , 
r^af "1st one antigen bi-in. — 

— r ^ic"^^ of 

i binds spaciricaiiy ^ 
" t L high affinity Fc receptor for IgG 
on human monocytes, the epitope be.ng 
distinct from the ligand binding site 
fo'r Fc of the receptor; 
is capable of binding to igG-occup.ed 
Fc receptor; and 

is not blocked from binding to the 
receptor by human IgG; and 
at least one antigen binding region 
specific for a target cell. 

12 . A bizonal anybody or 

Claim 11. "herein the anti-Fc recept 

is selected from the group consisting of mab 

32, mab 22, mab 44, mab 62 and mab 197. 

20 . bifunctional ^j£>Z??£jL 

Claim 11, wherein the target ce-J. 
from tbe group consisting of a cancer cell an 
infectious agent, an xgE-producing celi and an 
autoimmune cell. 

, B 14 A heteroantibody, comprising: 

25 a an antibody or antibody binding fragment 

specific for Fc receptor for IgG on human 
m onocytes, the binding of which to the 



10 ii- 

iii- 



15 
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human Fc receptor is not blocked by human 
immunoglobulin G; 
b . an antibody or antibody binding fragment 
specific for a target cell. 

5 is A heteroantibody of Claim 14, wherein the 

antibody or antibody binding fragment for Fc 
receptor is specific for the high affinity Fc 
receptor. 

16. A heteroantibody of Claim 15, wherein the 
10 anti-Fc receptor antibody is selected from the 

group consisting of mab 32, mab 22, mab 44, mab 
62 and mab 197. 

17 a heteroantibody of Claim 14, wherein the 

target cell is selected from the group con- 
15 sisting of a cancer cell, an infectious agent, 

an igE-producing cell and an autoimmune cell. 

18. A bifunctional antibody or heteroantibody 
comprising: 

a. at least one antigen binding region 
20 derived from mab 32; and 

b. at least one antigen binding region 
derived from an antibody specific for a 
target cell. 

19 A bifunctional antibody or heteroantibody of 
25 ' Claim 18, wherein the target cell is a cancer 
cell . 
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20. A target-specific effector cell, comprising: 

a. a effector cell expressing receptor for 
the Fc portion of IgG; and 

b . a Afunctional antibody or heteroantibody 

comprising: 

i. at least one antigen binding region 
derived from an anti-Fc receptor 
antibody, the binding of which to 
human Fc receptor is not blocked by 
human immunoglobulin G; and 
ii at least one antigen binding region 

specific for a target cell, the bifunc- 
tional antibody or heteroantibody being 
bound to the Fc receptor of the effector 
cell . 



15 

21. 



22. 

20 



23. 



25 



A target-specific effector cell of Claim 20, 
wherein the effector cell is a human monocyte 
or macrophage. 

A target-specific effector cell of Claim 20, 
wherein the effector cell is pretreated with 
I FN -gamma. 

A target specific effector cell of Claim 20, 
wherein the effector cell is an activated 
macrophage . 

24 A target-specific effector cell of Claim 20 

wherein the Fc receptor is the high affinity Fc 
receptor for human Ig. 
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25, 



26. 



•27, 

10 



28 



15 



20 



25 29 



A target-specific effector cell of Claim 24 
wherein the antigen binding region is derived 
from monoclonal antibody 32. 

A target-specific effector cell of Claim 20, 
wherein the target cell is selected from the 
group consisting of a cancer cell, an 
infectious agent, an lgE- P roducing cell and an 
autoimmune cell. 

A target specific effector cell of Claim 20 
wherein the target cell is an antibody pro- . 
ducing cell. 

A targeted macrophage, comprising: 
■ a macrophage having bound to its surface Fc 
receptors a heteroantibody comprising: 
b at least one antigen binding region 

derived from an anti-Fc receptor antibody, 
the binding of which to human Fc receptor 
is not blocked by human immunoglobulin G; 
and 

c at least one antigen binding region 

specific for a target cell, the bifunc- 
tional antibody or heteroantibody being 
bound to the Fc receptor of the effector 
cell . 

A targeted macrophage of Claim 28 which has 
been treated with IFN-gamma before targeting. 
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30 . 



10 31. 



15 



20 



25 



rlaim 28 wherein the 
A targeted macrophage of Claim 

a. an antic human 
soecific for Fc receptor for ig 

Oocytes the binding of which to the 
monocytes, blocke d by human 

human Fc receptor is nor dx 

immunoglobulin G; 
b antibody, or antibody ™^ . 

specific for a target cell. 

* — f 

ministering to a pati-n 

cyt olvtic amount of targeted elector =e_ls. 
each targeted effector cell uprising ^ 
a . an effector cell expressing receptor 

the Fc portion of IgG; 
b at least one antigen binding ^ ion 

derived fro. an anti-Fc receptor antrbody 
tne binding of which to human Fc receptor 
is net blocked by human immunoglobulin G. 
and 

c at least one antigen binding region 

specific for the tumor cell, thebi- 

functional antibody or heteroantibody 

t-o the Fc receptor of the 
being bound to rne 

effector cell. 

A method of Claim 31, wherein the ^c 
re ce P tor antibody is selected from^the grou 
consisting of mab 22. mab 32, mab 44, mab 
and mab 19" • 



32. 
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33 . 



34 



A method .« - e " e0t0r CSl1 

is a human monocyte or macrophage- 

effector cell 
targeting- 

for the level of human FcRI of a 
35 . in immunoassay i . n ti-rc receptor 

cell employing a monoclonal ant, 

antibody which: itope o£ the 

binds ^^ flCally reoeptor £or Ig<= on human 

monocytes, the e P * 

the ligand binding sxte for 

receptor; T «r-occupied Fc 

b . is capable of binding to igG occup 

nc receptor; and recep- 

15 ^ is n ot blocked from bindxng to the 

tor by human IgG. 

* rlaim 35, 'wherein the anti- 
36- ^ i— ssay of ^ - ^ ^ 

and mab 197 . 

in a sample, comprising. 

Tprst-Ltion with interferon-^ 
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39. 

10 



b curing *e FCRX level =f th S =eUs as 
an indication of the amount of inter- 
feron-gamma in sample. 

& n i»» aSSa y of Claim 37. wherein the KM 
lav el is measured by employing an ant,-F=E 
^noclonal antibody which binds rcKX through 
its antigen binding region. 

„<■ natm 37, wherein the antl- 
An immunoassay of Claim ' 

U antibody is selected fro. ~ ^ 

consisting of mab 22, mab 32, mab . 

and mab 197 . - 
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FIGURE 4 



Fig. 4. Binding of MAb 32 to U937 Cells 
Effect of Human IgG 




.025 .05 .1 -5 1 
Human IgG Concentration 
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(mg/ml) 
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FIGURE 4b 



DIRECT BINDING OF FITC MAb TO U-937 CELLS 
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FIGURE 5 



a. 




Fluorescence Intensity Units (Logarithmic Scale) 
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FIGURE 6 
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FIGURE 7 
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